A comparative study of phage PR4 susceptibility of IncP and IncN plasmid containing bacterial strains by Liedtke, Robert R.
UNIVERSITY OF ILLINOIS
....AJU.11...21.... 19.90....
THIS IS T O  CERTIFY T H A T  T H E  THESIS PREPARED U N D E R  M Y  SUPERVISION BY
....... #......................... .
ENTITLED.............................................................. .....
and IncN Plasmid Containing Bar ter in 1 Strains
IS A P P R O V E D  BY M E  AS FULFILLING THIS PART O F  T H E  REQUIREMENTS FOR T H E
DEGREE OF....Bachulac..,u£..£cAQac«L..ia..^GxablQlttKy.
/
..U.A.
Instructor in Charge
AmovM):.....,
H E A D  OF D E P A R T M E N T  O F .... MlcxubdoAu^y.
A Comparative Study of Phage PRM Susceptibility
of
IncP and IncN Plasmid Containing Bacterial Strains
by
Robert R. Liedtke
Thesis 
for the
Degree of Bachelor of Science 
in
Microbiology
College of Liberal Arts and Sciences 
University of Illinois 
Urbana, Illinois
1990
Tab!o of Contents
Page Number
Introduction............................................      1
Materials and Methods.............................................. 3
Bacterial Strains, Plasmids and Phage........................... 3
Media and Buffers............................................. 4 f 3
Bacteriophage Propagation and Purification....................... 3
Assay of Phage................................................... 4
One-Step Growth Assay............................................ 5
Efficiency of Plating Assay............................   5
Adsorption Assay................................................. 6
Timecourse of Phage Adsorption..................................7
Results............................................................. 7
One-Step Growth Assay............................................ 7
Efficiency of Plating Assay....................   8
Adsorption Assay.......................  . . . . . . 8
Timecourse of Phage Adsorption,..,............................. 9
Discussion......................................................... .
Conclusion......................................................... 1 2
References........................................................ .
Tables and Figures.. .............................................. 1 5
i
INTRODUCTION
Bacteriophage PR4 is a lipid-containing phage originally isolated by 
Vilma Stanisich to aid in classifying antibiotic resistance plasmids of 
Pseudomonas aeruginosa (Stanisich, 1974). PR4 adsorbs to and infects only 
those bacterial strains that harbor a plasmid of the Pt N, C, or W 
incompatibility groups (Bradley and Rutherford, 1975). The adsorption of the 
phage is thought to be associated with the transfer functions of these 
plasmids (Carrigan, et al, 1978). However, the exact nature of the phage 
receptor is still somewhat unclear. There is evidence that PR4 adsorbs both 
directly to the cell surface (Bradley and Rutherford, 1975) arid also to the 
plasmid-encoded pill (Bradley and Cohen, 1977). Since some of the plasmids 
that confer PR4 susceptibility can be transferred intergenericaliy, PR4 has a 
very broad host range, including Escherichia col i and Salmonel la 
typhlmurium. This allows the study of the PR4 life cycle on a genetically 
well-defined host.
Studies of phage PR4 have most frequently used the conjugative plasmid 
RP1* which belongs to the IncP incompatibility group (Davis, et.al.,1982, 
Vanden Boom and Cronan,1988). RP1 is a large plasmid (58.5 Kbp) that codes 
for resistance to amplciilin ( 2 0 0 mg/liter), tetracycline ( 1 0  mg/liter), and 
kanamycin (100 mg/liter). The multiple drug resistance and sheer size of HP 1 
make it inconvenient for use in molecular genetic studies of the PR4 life 
cycle. Although RP1 is a frequently used conjugative plasmid in studies of 
PR4, it may be advantageous to examine the use of other conjugative plasmids 
or recombinant plasmids containing fragments of the parent conjugative plasmid 
for this purpose.
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The fact that such a wide variety if incompatibility group plasmids 
confer susceptibility to PR4 suggests that the plasmids are linked 
evolutionarily (Stanlsich, 197*0. Since phage and plasmid have been linked 
genetically in recent evolutionary history, one might wonder if there are 
plasmid encoded factors other than the phage receptor that are important in 
the PR4 life cycle. The use of clones of the parent conjugative plasmid would 
be useful in examining the relevance of other plasmid functions. As a 
preliminary step toward adressing this question, I have examined host strains 
containing the IncN plasmid and its derived plasmid clone pCU53 (Thatte and 
Iyer, 1983). Plasmid pCU53 contains the 16 Kbp Bglll-t fragment of pCUl 
cloned into the BamHI site of plasmid pACYC184 (Thatte and Iyer, 1983).
Plasmid pCU53 contains the transfer region of pCUt and produces N pill but 
does not contain all the genes needed for plasmid transmission. The 
functional regions (especially transfer functions) o f these plasmids are 
fairly well defined genetically, (Konarska-Kozlowska and Iyer,1981, Thatte and 
Iyer,1983). This should facilitate the identification of plasmid genes 
necessary for the adsorption and growth of bacteriophage PRU.
The purpose of this work is two-fold: (1) To examine alternatives to 
large conjugative plasmids (like HP 1) for use in studies of phage PPM,and 
(2) To examine if more than just the phag<^  receptor encoded by the 
conjugative plasmid is needed for optimum efficiency of phage adsorption and 
growth.
MATERIALS AMD METHODS
A. BACTERIAL STRAWS* PLASMIDS* AND PHAGE
Bacterial strains and plasmids used in this study are given in Table 1. 
Plasmids pCU1 and pCU53 were generously provided by Dr. V.N. Iyer. Bacterial 
strains TB6 , RL1 and RL2 are isogenic derivatives of strain C600 containing 
the eonjugatlve plasmids RP1, pCU1, and recombinant plasmid pCU53, 
respectively.
B. MEDIA AND BUFFERS
Bacterial strairs were grown in rich broth (RB) that contained 10 g 
tryptone, 5 g NaCl, and 1 g yeast extract per liter. For growth of plasmid- 
containing bacterial strains, antibiotics were added to RB at the following 
concentrations: HO ug/ml ampicillin (for strain RLt), 50 ug/ml
chloramphenicol (for strain RL2). Phage dilutions were made in MOPS phage 
buffer (pH 7.2) whic; contained 20 mmol of 4-morpholinepropanesulfonic acid 
(WPS), 0.1 mol of NaCl, and 1 mmol of M g C ^  per liter. Plates used were of 
antibiotic 5 (AB5) growth medium, purchased from Difco labs. RB ^op pours 
used in plating phage were RB plus 0.6$ agar.
C. PHAGE PROPAGATION AND PURIFICATION
Phage stocks were prepared by picking a plaque with a Pasteur pipette and 
adding the plug to 1 ml of MOPS phage buffer. Several dilutions (10^ - 10^) 
of this "pickateM were then plated by adding 0 . 1  mi of the phage dilution and 
0,2 mi of an overnight culture of the desired strain into an RB top pour, 
gently vortexing, and then pouring onto an AB5 plate. The plates were
incubated overnight at 37°C. The phage on the highest dilution plate 
resulting in confluent lysis were then harvested by adding 5 ml MOPS phage 
buffer to the plate* This was then stored at 0°C for 2*5 hours to allow phage 
to diffuse into the buffer. The phage suspension was poured off the plate and 
centrifuged in a Beckman J2-21 centrifuge using a JA20 rotor for 10 minutes at 
10,000 rpm and 4°C. The supernatant was cleared of residual bacteria by 
passage through a Millipore 0.4 urn pore size filter in an 18mm diameter Swinex 
cartridge using a light vaceuum to draw it through. Stocks prepared in this 
way usually contained about 1xl0^(j plaque forming units (pfu) per ml, When 
propagating phage on bacterial strains RL1 or RL2 it was sometimes necessary 
to pick more than one plaque and to pool them in the 1 ml of MOPS phage buffer 
in order to get a high enough titer pickate stock. The plaques formed on 
these strains were smaller and more turbid than plaques formed on strain TD6 , 
indicating that fewer phage were present per plaque. The propagation strain 
of a stock of PR4 is designated by the strain name in parenthesis , e.g. 
PR4(TD6).
D. ASSAY OF PHACE
PR4 was titered by the standard double-layer technique (Adams, 1959). 
After serial dilution of phage stocks in MOPS phage buffer, 0.1 ml of the 
dilution was added to an RB top pour. 0.2 mi of an overnight culture of TD6 
was added, the mixture vortexed, and poured onto an AB5 plate. After 
overnight incubation at 37°C, the plaques were counted. The plaque size 
varied from 1 to 5 mm in diameter. Sometimes when titering phage stocks, it 
was necessary to incubate the plates at 42°C for a few hours (after overnight 
at ^°C) in order to clearly visualize plaques for counting.
£. ONE-STEP GROWTH ASSAY
The one-step growth assay was performed by subculturing an overnight 
culture of the host strain in a vigorously shaking bath at 37°C and growing to 
a turbidity of 50 Klett units (KU). One Klett unit equals approximately 5x10^ 
cells/ml. One ml of this culture was then added to a 50 ml flask prewarmed to 
37°C. PR 4 was then added at a multiplicity of infection of 0 . 1  (approx 
2.5x10^ phage). This point of phage addition is the zero time point. This 
mixture was then incubated in the shaking water bath for 5 min for adsorption. 
After 5min, the mixture was diluted by a factor of 10^ into another 50ml flask 
containing prewarmed RB. The 10^ dilution was then diluted by another factor 
of 1 0^ (making a total dilution of 1 0° of the mixture) in a third prewarmed,
50 ml flask containing RB. 0.1ml of the 104 and ’0^ diluticis w3re removed 
from the flasks at appropriate time inter/ais and added to an RB top pour 
containing 0.2ml of an overnight culture of strain TD6 , vortexed, and poured 
on an AB5 plate, Plates were incubated at 3 7 °C overnight and the resulting 
plaques counted.
F. EFFICIENCY OF PLATING ASSAY
The original PR4 stock, PR4(TD6), was propagated on strains HL1 and RL2 
and stocks of PR4(RL1) and PR4(RL2) were prepared as described above.
PR4(TD6), PR4(RL1) and PR4(RL2) stocks were then plated (at 1 0  ^ - 1 0® 
dilutions) on h03t strains TD6 , HL1 and RL2 by adding 0 ."ml phage and 0.2 ml 
of an overnight culture of the appropriate strain in an RB top pour and 
plating as above. Plates were incubated at 37°C overnight and plaques were 
counted to get a titer of each PR4 stock on each strain, The efficiency of 
plating (E0P) was defined as the ratio of plaque titer on the bacterial strain
in question ip the plague titer on the bacterial strain that the phage was 
pr opagatedon. :§ w \ $ m m lit# the I S P o f P P ( T B 6 } adsorbed to strain 
iii the titer on strain RL1 divided by the titer on strain TD6 ,
g . adsorption assay
Phage stock of known titer were added to a standard number of ceils 
(0 ,2ml of a 1 0 0KU culture) so that there would be between 2 5 0 * 5 0 0  plaque 
forming units in 0.1 ml of the phage/celi suspension. The phage/cell 
suspensions were added to an Eppendorf microfuge tube* and vortexed 
vigorously. The suspension was then Incubated for 10min at 37°C to permit 
adsorption of the phage to the cells. This mixture was then centrifuged in an 
Eppendorf centrifuge for 3min. The entire supernatant was then added to an R3 
top pour containing 0.2mi of a TD6 overnight culture and poured onto an AB5 
plate. The pellet was resuspended in 0.2ml of RB and added to a top pour 
containing 0.2ml of an overnight culture of TD6 , then poured over an AB5 
plate. If the bacterial strain used in the assay was TD6 * then the pellet was 
resuspended and added to an RB top pour and poured on an AB5 plate, All 
plates were then incubated at 37°C overnight and the resulting plaques were 
minted, The same procedure was followed in each trial of the assay using 
dlfflh €600 as a control, Since this bacterial strain does not contain a 
conjugative plasmid and therefore lacks the phage receptor, P M  should not 
to %mw% cells. Therefore* -any plaques counted on the CiOO plates can 
be counted ae carryover from the supernatant (or other non-specific binding)* 
and the number can be subtracted from the other experimental results to 
correct for the background# The percent of input phage adsorbed was then 
calculated by comparing the corrected number of pfu in the pellet of each
trial to the known amount of phage added.
H. TIMECOURSE OF PHAGE ADSORPTION
The general protocol for the adsorption assay was followed except that 
the e<»n/ohage suspension was incubated for varying lengths of time. The 
percent of input phage adsorbed to strain 7D6 was determined at 1, 5, and 10  
min.
RESULTS
ONE-STEP GROWTH mSSAYS
The results of the one-step growth experiments with PR4(TD6) grown on 
strains RL1 and RL2 are shown in Table 2. The average burst size per cell for 
PRl*(TD6 ) on strains RL1 and RL2 was about 30 phage per infected cell. Under 
similar conditions, it as shown that strain TD6 infected with PRM(TD6 ) had a 
burst size of about 100 phage per infecteu ceil (Davis,et al,1982), The one- 
step growth data for phage infection of strain RL2 showed a distinctly longer 
latent and rise period than did the one-step growth data for phage infection 
of strain RL1. Both the latent and rise periods seen in the one-step growth 
data for phage grown on strain RL2 exceeded those of the one-step growth data 
for phage grown on strain RL1 by about 10 minutes, The latent and rise 
periods in the one-step growth results of PR4(TD6) infection of strain TD6  
were shorter compared to those in the one-step growth results of PR4(TD6) 
infection of both strains RL1 ;nd RL2. In the one-step growth data for 
PR1KTD6) infection of strain TD6 , both the latent and rise periods were 
reported as being 30 min (Davis, et al, 1982).
3EFFICIENCY OF PLATING
In the efficiency of plating experiments, PR4(TD6>, PfWRLD, and 
PR4(RL2) were plated on each of the three plasmid containing bacterial 
strains. The results are shown in Table 3. In general, the plaques from PR1* 
plated on either strain RL1 or hi? were smaller and more turbid than plaques 
on strain TD6 . When TD6 was used as the plating strain, the plaques were 
larger (2-4mm) and much clearer. An extreme case of small, turbid plaques was 
seen in the case of PR4(RL2) plated on strain RL2. These plaques were very 
hard to quantitate, and therefore there is som€j question in the LOP value 
obtained for this phage/host combination.
ADSORPTION ASSAY
The results of the adsorption assays are shown in Table 4. All three 
stocks of PR4 have the highest percent adsorption after 10 min on strain TD6 , 
indicating that they all adsorb best to strain TD6 . For phage propagated on 
strain TD6 , the highest percentage of adsorption was on strain TD6 . A 1,3-fold- 
decrease in this percentage was seen for phage propagated on strain TD6 and 
adsorbed to strain RL1, and a 5.4*fold decrease in this percentage was seen 
for the same phage adsorbed onto strain RL2. For phage propagated on strain 
RL1, the highest adsorption percentage was seen on strain TD6, with a 5-fold 
decrease in this percentage for the same phage on both strains RL1 and RL2,
For phage propagated on strain tL2, there is a 9-^old decrease in adsorption 
percentage on strains RLt and BL2 (as compared to adsorption percentage of the 
same phage on strain TD6).
9TIME COURSE OF PHAGE ADSORPTION
The results of the time course assay are shown in Figure 1. There is a 
linear relationship between time and the percent of phage adsorbed from 1 to 
10 min. This relationship shows that the standard adsorption assay is within 
the linear portion of the curve for phage propagated on strain TD6 adsorbed to 
strain TD6 .
DISCUSSION
The growth of a bacteriophage on a particular bacterial strain (as 
reflected in a one-step growth curve) is influenced by many factors. For 
example, adsorption characteristics as well as the physiological 
characteristics of the bacterial strain can effect the outcome of infection, 
The difference in the latent periods seen in the one-step growth data between 
strains RL1 and RL2 infected with PR4(TD6) and strain TD6 infected with 
PR4(TD6) might be due to the differing adsorption characteristics of 
PR4(TD6). Since PR4(TD6) adsorbs poorly to strains RL1 and RL2 as compared to 
strain TD6 , it is possible that it could take longer for a phage to actually 
get into any given cell and start-replicating (possibly due to more 
unsuccessful phage/receptor collisions). This suggests that the RP1 encoded 
phage receptor present on the cell surface of strain TD6 is a better receptor 
than the one encoded by plasmids pCUt and pCU53.
The difference in the rise periods seen in the one-step growth data of 
RL1 and RL2 infected with PRH(TD6 ) suggests that some factor other than 
adsorption is also affecting the growth of the phage. It has been shown that 
once inside the cell, the related phage PRD1 relies on many host encoded
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factors for its replication (Bamford and Mindich, 198U), There are many 
conserved elements involved in DMA replication between PRD 1 and PR4 (DMA 
polymerase, terminal protein, inverted terminal repeats), and phage PR** most 
likely also requires these host factors. The difference in the rise period in 
the one-step data might suggest that something other than host encoded factors 
are needed for optimal phage growth and maturation. Plasmid pCU53 contains 
the N-transfer region of plasmid pCUl (as defined by V.N, Iyer) and produces M 
pill, but does not contain all of the genes needed for plasmid transmission. 
The slower rise in the ^ne-step growth data of phage PR4(TD6) infection of 
strain RL2 might be due to the lack of some plasmid encoded factor (other than 
the plasmid encoded phage receptor) that is present in strain RL1, When 
PR**(TD6) is infected into strain TD6 , the rise period seen in the one-step 
growth data is shorter and the burst size is larger than in the one-step 
growth data of PR4(TD6) adsorbed to strains RL1 and RL2. This suggests that 
plasmid RP1 encodes a factor (other than the phage receptor) that allows more 
efficient phage growth and maturation than does the same (or similar) factor 
encoded on plasmid pCU1 (and possibly missing altogether on plasmid pCU53).
Both adsorption and internal host properties can effect the efficiency of 
plating. Due to restriction effects, a bacteriophage propagated on a certain 
strain of bacteria will generally show the highest titer on the same strain 
(defined as an EOF value of 1). However, for PRM(RL1) and PR**{RL2> the EOP 
value is greater than 1 on strain TD6, indicating that these two PR4 stocks 
plated more efficiently on TD6 than they did on their original strain of 
propagation. In this case, the difference in plating effiency could be due to 
the ceil surface phage receptor. TD6 contains an IncP plasmid while RL1 and
RL2 both contain IncN (or IncN derived) plasmids. The difference in EOF 
suggests that the IncP transfer system produces a better receptor than does 
the IncN system. This is reflected in the results of the adsorption assay in 
Table 4. The greatest adsorption percentage for all phage stocks was on the 
IncP plasmid containing strain TD6. The difference in EOP could be at least 
in part due to the differential adsorption of phage PR4 to the IncP and IncN 
plasmid encoded phage receptors.
The plaques seen when plating phage onto strains RL1 and RL2 the EOP 
experiments were smaller and more turbid than those observed when plating 
phage onto strain TD6, Part of the reason tor this could be due to a factor 
other than the plasmid-encoded phage receptor. As reflected in the one-step 
growth data, there may be some other factor encoded on plasmid RIM that allows 
better phage growth on strain TD6 than the same (or similar) factor on plasmid 
pCU1 does on strain RL1. This difference in a plasmid-encoded factor could 
help explain the altered plaque morphology of PR4 plated on RL 1 compared to 
the plaque morphology of PR4 plated on 7D6. This other factor could be coded 
for anywhere on the plasmid. The extremely poor growth of PR4(RL2) on strain 
RL2 could be because one of the missing factors necessary for conjugalive 
plasmid transmission is also needed for optimum phage growth. This would 
suggest that the factor is present in the transfer region. However, numerous 
other proteins (e.g. single-stranded binding proteins) are encoded by the 
remaining 23 Kbp of the conjugative plasmid molecule.
CONCLUSION
From the results of this study, it seems that strain Tub serves as a 
better bacterial host for phage PR** than either strain RL1 or RL2. Because of 
the great difficulty in getting PR** to grow well on strain RL2, it would seem 
that plasmid pCU53 is not a suitable alternative to FP1. The one-step growth 
data suggest that perhaps more than the plasmid encoded phage receptor is 
required for optimum effiency in bacteriophage replication. This other 
plasmid-encoded factor (if it in fact exists) would best be investigated with 
the use of bacterial strains containing plasmid RP1. Transposon insertions 
into plasmid RP1 that induce PR** resistance (or greatly reduce growth 
efficiency) could help to pinpoint a plasmid-encoded factor. By making 
insertions inside the transfer region as well as other regions, one could 
possibly gain insignt as to the function of tne factor.
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5Table 1: Bacterial strains, pia 
Bacter ia
smids and phage
Strain3 Genotype Source
TD6 F”, thr,leu,Iac,supE, Lab collection
plasmid RP1
C600 F~,thr,1eu,1ac,supE Lab colleetion
RL1 F",thr,leu,Iae,supE, This study
plasmid pCUl
RL 2 F-, thr,leu,lac,supE, This study
plasmid pCU53
Plasmids
Plasmid Genotype0 Source
RP1 Ampr.Tetr ,Kanr Lab collection
pCUl Ampr,Smr,Spr Dr. V.N. Iyer
pCU5 3 Cmr Dr. V.N. Iyer
Phage PR4 was obtained From the Cronan laboratory collection
aBacter ial strains TD6, RL1, and RL2 are isogenic and are ail 
strain C600 containing the conjugative plasmids RP1, pCUl, and 
pCU53 respectively.
^Ampsampicillin, Tetstetracyciine, Kanskanamycin, Sp*3pectinomycin 
Smsstreptomycin
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Table 2 : Summary of One-Step Growth Assays
Experiment Time (min) Burst
Phage Strain Latent Rise (pfu/ceil)
PR4(TD6) RL1 45 47 29
PR4(TD6) RL2 53 57 31
Values contained in this table were obtained by following 
the one^step growth procedure (in Materials and Methods) 
for phage PRM propagated on bacterial strain TD6 and 
adsorbed to strains RL1 and RL2. The numbers are the 
average of three trials each experiment*
Table 3: Effiency of Plating
E.O.P. on strain:
Phage__________ TD6_______RL1______________ PL2
PR4(TD6) i.O 0.03 O.03
PR4(RL1> 16.5 1.0 0.45
PR4(HL2) 14.5 0.01 (1.0)
Values contained in this table were obtained by 
following the EOP procedure (in Materials and Methods) 
for phage PR4 propagated on strains TD6 , RL1, and RL2 
and each stock titered on strains TD6 , RLt, and RL2.
The plaques seen when plating phage propagated on strain 
RL2 onto strain RL2 were extremely small and hard to 
quantitate. The value of the EOF for PR4(RL2) adsorbed to 
strain RL2 has the defined value of 1 . 0
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Table 4: Adsorption
-
% adsorption on strain:
Phage________ TD6__________ RJU___________ RL2
PRM(TD6) 65 49 12
PR4(RL1) 70 12 16
PR4{RL2) 55 7 5
Values contained in this table were obtained by 
following the adsorption procedure (in Materials 
and Methods) with phage PR4 propagated on bacterial 
strains TD6 , RL1, and RL2 and adsorbed to strains 
TD6 , RL1, and RL2.
Fig. 1: Timecourse of Phage Adsorption
T ime (min)
Bacteriophage PR4. propagated on bacterial strain TD6 w as 
adsorbad to strain TOG as described under Materials and 
methods. The percent of input phage adsorbed to cells 
w as determined at 1, 5, and tOmin.
